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[54) LASER BEAM MACHINING DEVICE AND LASER BEAM MACHINING METHOD 

[57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser beam machining device 

which can efficiently form a plurality of lines of a reformed region inside ^ 4 

a workpiece to one scheduled cutting line. 

SOLUTION: A laser beam L1 and a laser beam L2, which mutually have 
different wavelengths, are condensed to the inside of the workpiece 1 by 
a condensing lens 31 in the laser beam machining device. At this time, 
since the laser beam L2 has the longer wavelength than the laser beam 
L1, the condensing point P1 of the laser beam L1 is aligned to a shallow 
position from the surface 3 of the workpiece 1 and the condensing point 
P2 of the laser beam L2 is aligned to a deep position from the surface 3. 
The condensing point P1 and the condensing point P2 are moved along 
the scheduled cutting line 5 of the workpiece 1 by the driving of a stage 
on which the workpiece 1 is laid. Accordingly, two lines of the reformed 
region 7a, 7b can be formed by one scan along the scheduled cutting line 
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iniSUft ( Ml lfJ/'J3yoj:94*«ftS8) <Orta»fc«3tt^S%-a-to^T, Ifl ft ,Stc 
33 5 « W 3£ S W 1 x i o 8 ( W / c m 2 ) W ± T? S o ;l/ X 4B *< 1 /i sWTO^ftT'b 

-if7t*Kaftrrao c twc «t oinxwftjftortaJtt^^^fkiRfcioTsmwfciinJSi^n 
5o coioSftt!:j:*)iaxJt**©rtaj»«:}g»as««* < Jg«trti*o jSttfflSfciafctt — 

* t as *> , 4a ^ ft l ft m m * m & m it # g <t l fe st a t ^ ? c t t t* * 5 „ g , sm 40 
mmmtitm^^m'M. $tg,nm&* ^tt»«nsfcj3u>T» & * it *< su © s k g <t l 

mmmnmz- if u n >«jSt* & 5 . twsa©±iii btt±, 09* tf 1 x 1 0 

1 2 ( W / c m 2 ) T'S5, ^;VXd(iix.(f 1 n s ~ 2 0 0 n s !f f L^„ 
[ 0 0 3 4 ] 

[ 0 0 3 5 ] 50 
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(A) iDlWitl : ->'J 3i">iA ( £ 3 5 0 /i m , ^l4-l'>f ) 

( B ) l^-lf 
)tii:**ftl'-fieNd : YAGl/-f 
ffig : 1 0 6 4 n m 

U — f JtX^ fRia : 3. 1 4x i o ~ 8 cm 2 

*§ 5 il : 1 0 0 k H z 

^ X i : 3 0 n s 
ili^: 2 0)iJ/^;H 

l^--f ftq D nH : T . E M o o 10 

<ift#tt : m.mmyt 

( C ) Aftffi U>X 

mm ■■ 5 o m 

N . A . : 0 . 5 5 

(D) llDlMf tttfiiSnStlfeiD^ttaS : l 0 0 mm/# 
[ 0 0 3 6 ] 

0 1 2 It . ± ie ^ fl= T* © - tf ta X fc J: K> « #r £ n ft > U n > t> x /n <D - 93 tc w- & m m 
©?I?:ILft@T$5 0 S/ U 3 > <> x /\ 1 l©ftg|UC^I4®ail®13#Jgj3i£nT^ 

So ft 3s , ±MftK<fc5M£nfc^l!!M«?i*ii:i 3©iP?73[p]©^^^{i l o o \i m 20 
Sit 
[ 0 0 3 7 ] 

fe&ti/V^l'&fo(Dftffl<Dm&mt<Dm&*^-ti>' : 7-7T'$>2> a ft TEL. 'J 3 > « IS 
>Ifi©f J t 5 0 /im, 1 0O(im, 200/im, 5 0 0 (im^ 1 0 0 0 )imOn« 

ic-o ^ t ± ie m & * ^ L ft o 

[ 0 0 3 8 ] 

#0 * t£ . Nd : YAGU-f©$gT'fe5 1 0 6 4 nmfc*VT. ~> y a > » « © JP £ 
5 0 0 /imttTO*^, •> i ;3>Sffi<D^gPT'til/-f)ttf 8 O % W ±11 1 5 C i: » 30 
fr^, Bl 2titi"J3>"?iAl K0fSli 3 5 0 (imTJ5OT?, £ ft ^ © IR £ «fc 
£ S St ffl a fR l 3 ^ y 3 > £ x © # >i> ifi , ^$081*^ i 7 5 m © 93 # tc fl? 
lEStlS. C©if-&©jgii$ti. if 2 0 0 (ira©i"j3>^iA^#f 90 
% fit ± ft © T » lx - If ft # y V •> x 1 1 OWfPRiRjnsotti^-pJ&fJ, St 
A/ifA'giitS. COCtl^ v-Un^^x/Nl lflDF'ggPTI-' — Ifft^CRiR^nT, ^ 14 
ffl a SI V 1 3tf->'j3y^xA 1 1 © ft 93 M (-3S*)U-1fftKJ:*ia«<DinJR-p}S 

»aaa««#rajac) £nfct©T'tift < , rggaaaaM^ 1 3 #^ft? ©irk a t> m&z n 

/cCh^lStS. ^ft? KIRK i * »««Laia«©JgiKt4, igffi^££H*:£ 
IS^«ES^6 6* ( 2 0 0 0 *4^) OS72I-I73I© I" fcf n # ;V X - -tf J; 
5->'j3^0inilWtt»fiBiJKSB«*nT^S. 40 
[ 0 0 3 9 ] 

^(qjtrp]*>oTfijti*si^?-&, ^ © *y ti # y 3 y v x /n © m. m t m m 1 1 m a -r 5 c 

i: tc «k y , iaSWtai^n^o ">U=i>"?x/N<Daffii:»®fcPJ51-rsc:oSijn«g^ 
So ft ft , ^er^^§P^e.->y^>^x/N©SSi:«Mi:fcfijn^iMtcfig5-rs*^-^ 
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[ 0 0 4 0 ] 

(3) »K1H«#JBiff3eX{fc*«©*£ 

in x a ft ft ( 0D x. tf # 5 x ) ort»fc*)t^*-&*>-&T, ft^*tfetti,i^^g^ i x 

1 0 s ( W / c m 2 ) n s ttTO^ttf )t%Iltt5„ A 
;l/Xl^Ii!)Tl< LT, ^ft^B&ifcfcSnittftftOrtgPfcgdS-eSi:. £ ft ? © iR 

&£©±IBfflfcLTtt, ffll A tf 1 X 1 0 1 2 ( W / c m 2 ) T * „ ;V X 41 tf ®) fL tf 1 10 
M tf , 00 X. tf % Sg 4 2[HlU-tf*iAPXW^#SS35:m (1 9 9 7 ^ . 1 1 £ ) © £ 1 0 5 

[ 0 0 4 1 ] 

-■kK, *M&Bm?> Is — IfiPXgMfCOl^T, 0 14-01 6*#iLTlit*. 
[ 0 0 4 2 ] 

51 4!;*t±?t > u-ifipx8«2 0tf, >>i-»N*e<oipxj**l4iiortgRK:i*o« 

Bff £7-T>5 tSLT2*oaj(fil«7 a, 7 b ^3fef K« C i !) ffiE 1" 5 SIT $ 

5 . l iHlSSiltt->U3y)i;\|| O^gflOiAT'^t), 2fc « II fc£ 7 a , 7 20 

b tf mmmmmmr-^ s*, -aitr^jg^ > 5 tf , ipx^ftft 1 ©xs 3 t a»j tl tf *& 

[ 0 0 4 3 ] 

il<DU-1finXS«2 0tf, iDlJtf 1 tfil?n5Xf-i ; 2 1$SL 

T 43 >3 , 1 14, IT^lRlSZW^lfttLTXiSfil. Y * * ft, Z flij 7^ ft 

?>&75 falz& Wi^m t -d T 1^ & a Xf-->*2 lOiSKIl, iPXflll' — +fft%ft£-r5 
U — If ft « 2 2 a, 2 2 b^^rH5JSLfcffft2 3tf£f ?nt^5„ 
[ 0 0 4 4 ] 

l/-f«!l2 2 aliZi ( fft ) itEtitl, APXffllx--if^tLT, SSI 0 6 4 n 

m, (tsttTCSlOl/- If ft L 1 £ T73 fc: ft tf T tH St -T £ „ £ , U — if ft 30 

52 2 b!4U-1f*»2 Z aiMRJntfi*), inlBU-lfftfcLT, ft £ 1 3 1 9n 

[ 0 0 4 5 ] 

$ fc m & 2 3 © T 4£ ® tf * Wi Is # )\s 2 4 & tMt tf 6 n T *5 t> , iOlil/#;W^ 

2 4ta, taiittSiVB i *mwi-r z> rctbiom&mtt<®n<'> x 2 6 t , ip x « u- - -9-* ft l 1 

2 7 © ft $ft tf , til/#;l//^2 4©IfitJ:oTZi£-a2ti-C.n5 0 £33, iP X ffl ft 
ft U > X 2 7 ttlU#;l/^2 4 tOHKtt, tf I'/i^^ffl ^fc7 ^ f a I- 2 2 8tf 

ft- ft £ *i t & o , ;:o7^f ax-? 2 8iaotioifflMii/yX2 7©&s#z$ft;s 
(Ri(±T^(S])tc?Sii^$n^c 40 

[ 0 0 4 6 ] 

b > X X 2 9 tf , J fOrt»fc:J3VTaaoU>X%li*-&t>Hi-T3B:SBBPa To. 8 
0J (01^1/ > X 3 1 ^Sjf LTV^ a L T x U > X sfwl/ X 2 9 © ± a$ gp tf , & ft U 
V X 3 1 JC^-rSiPXfflU' — f)tL 1, L 2©AS4®£LTA*tlifln3 2tf»fi!iSn > 1^ 
^ X * ;b X 2 90T«SBfcH:4nXfflU — IfJtL 1 , L 2 © Hi » W □ 3 3^iI?tlT^5 

O 

[ 0 0 4 7 ] 

*g 2 2 a*6Hjiisnfts i <o u — +f l i <d — A-y-^x^rSS^-r^tf — + 50 
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?3 4 a t . m i © i- - -9* ft l i ©tB^^t^st-^m^iifi7 1 e^S3 5 a i:, mjjmmye 

^^3 5afc±!)lliJftftj6 1 © U - +f ft L 1 <D &t> Z ISt i> ttS H SI ft 3* ^ 3 6 a 
t v fg 1 (O U-+f ft L 1 ©{iftS:ISSg-r&filftIliigft^^3 7 a i: , fg l © U--»f ft L 1 
<DiS3fiXW:3e*r*fT3«a5/+-y*3 8 a t # ± £ T £ <I © Jll T* IB B £ n T ^ £ „ 
[ 0 0 4 8 ] 

R t x S#2 3rtt6^TU-1f)t»2 2 bOTSttt, f 2©l/-f)tL 2CDf- A 

it^x*ts;^t5e-Ax + x;^^3 4 b t s m 2 <Di>-yytL 2 © mtj * ist « m 

^IHSft^^ 3 5 b , 3g2©U — tfft-L 2 CDUifiltmWi? 2>tiifiWiWi7t¥% 3 6 b i: , 
S201/-f)£L 2©{Ift%tli8t-r;i><IfttSilft¥&3 7 b i: . g2CI/-f)tL 2 © » 
IXttISf^fT9f«->t7?3 8 b fcAU*e.TCc<D«ffT'Ei?nT^So 10 
[ 0 0 4 9 ] 

ifilC, W — -9 r ftigi2 2bffl9©«iKi'+y23 8b©T73fc:fcJ:, C©m8at>'*y*3 8b 
£iIi!iLf;:g§2©L'-«fftL 2*«£lnJfc:Eat£-&S5 J 7— 3 9 tfESS4lT^5. H 1 
6£^tJ:5£, l»->fy^ 3 8 b^iabfeS2©U- ^^L 2 1i, 5 7 - 3 9 lc i 
DIJrtllcg»Snft*, * « 2/ + -y * 3 8 a©TSl:tft5l^e-AX7''j7?4 

Ii0tlW7?3 8 aiaiLftSl © - If ft L l « . (I ft t£ - 2» X X U -y * 4 1 £ 

[ 0 0 5 0 ] 

L fc # o T . (!OU-fllDlSl2 OtS^Ttt, Sfl 0 6 4 nmOl 1 Ol/-f )tL 20 

1 tt&Sl 3 1 9 nmOS2©U-f ftL 2 ^ ^ J tl T Z « ± S t fRl ^ o T Iff 

iPlffl5tfel'>X2 /©DtUVXS 1 icAltti. cntJ: 0 , ll£l/yX3 IK 
ioTDtSnfeS 1 © b - if ft L 1 © ill ft ,6 P 1 £SI2©U--tfftL ZO*ftjSP 2 

it , ini«*i4»i©atffi3*»6sv'>fcaa:*««-efflH'r*<ii:te45 0 n # w hi « , % 

2 © L- - if ft L 2«S 1 <D U — *f yt L 1 ±*)»«*<*V7£i6, £2©U-irftL 2 © Jfc ft 

*P 2ti, giou-fKL io*)t^P l tJt^Il3*6i^i/^!:3tfiSt«ci: 
t4*. 4:«, *3tl/yX3 1 t i5*«ftjSP 1 , P 2 T^iPlffl « L 1 , L2 

1 x i o 8 (W/cm 2 )tX±i:&3 0 

[ 0 0 5 1 ] 

3: ft , <lfte-z*xX';-y:>4 i t ira x ffl at 1* u > X 2 7 i: © m k « \ irai^u-+FftL 30 

1, L2Ci;-i^'fX*858»)»#4 6*ifilSnT^S. iKOSDSt 4 6ti, m 

1 5 E ;S T <fc 3 x iDlfflMib>X2 7 © A JH HJ Q 3 2 0iStffillTS*2 3 1:® 
»)f*tt5nT*5t), inXfflU-lfftL 1 , L 2?:ioTI22t57^-f + 4 
■Z^Zo £<D7'*-1-V 4 7©|PSli> llIIIfflSiUyX2 7©XS1P3 2 t^lt 
L < t± >b £ ^ H fC j£ S ft T 33 *) , 7/^-ft4 7i!)>fi$ili < »0W«4 6lc|S^6n 
fc IS 6S * 5* 4 8 _te J: o T A It M P 3 2 © * £» $4 ( t & t> % Z W ) lc IE « te - & £ ■& % C 

# T * 3 o 
[ 0 0 5 2 ] 

C©.fc3fc*|j£*ftfc8»?a5*f4 6£2raXE*f^l^X2 7£*tLTiDX81L'--<fftL 1 

, L2jyAi*-r*ffliitcEH^r*cfc-e» ■ aa^ssns. -r & ^ *> . in 40 

X ffl U - If ft L 1, L 2 It. 7 >\ - f- * 4 7 iD**^l'-if)!EO>HS»»/( , R0»ff4 
6fcioT**yh*n, £ ft J: *> , J''* — ^+4 7*ffl»LfciraifflU — IfftLl. L 
2©Itt, tolXffl»«jU>X2 7 OAWPIP 3 2©gtBS|H]«tC^:^o * © * , AWH 
□ 3 2©JSHg|3#fc:«l:5;fjnXJ=BL' — ->fftL 1 , L 2 © •> H*BfcA,fS< LT, i)0 1 
Sl/-f)tL l, L2©J&St£J:£l':'X*;b^2 9©in]&*l»it^£Ci:#-Z?frSo L 
fc # o T , L- - If in X 43 5 L' > X * J\y ? 2 9 © io 3& ± JM H t L fc in X ffl U — If ft 
LI. LZODfcjJP I . P 2©fiilIi%/>S <»^5CitfPlSt65. 
[ 0 0 5 3 ] 

2 £ , U-f iPlg!2 0l±, gl»)l/-f)tLlCi7t*PlStf^2 0U-flL 

2 © jft ft P 20iSifftfftilflft* 1 ©aB53fr6-£i:fcSJ:-5fc:Jfcftj6P 1 50 
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, mi 5Rism 1 7~ii 9 * mmisT mm? z * 

C0O54] 

mi 5tcsti5ic, u--if^*-K«©wsfl!u — ifft«5i:&*&m»2?ttte«!isfl! 

U - if ft L 3 (i , fcfV*-;l/5 2, t* — 2> i ^ X A V ^ 5 3 £ J« # a 5® L & , 55-5 
4, » - 755-5 6teJ:»JllB;fcE«#£ftT» {Iftkr-AX7U-v#4 1i:&i9g|3**4 6 

7Ci5 5M?nrcffl£fflU-f)tL 3«, imXffll-'— ifftLl, L 2 fc^fig^ni zw 
±5rT73tlRj^oTjtffL, 6 9»»4 607/<-ft4 7*iibftt, iJD X ffi *f &l U 

>X2 7©i«i/yX3 i tiOi^sntiiDistiii tiaftjns. & *j , in i $ u 10 

- if ft L 1 , L 2a?V*D^7^~7-5 7^IIt5„ 
[ 0 0 5 5 ] 

f IT, flllXttftM l ©S® (U-1f 3ttJH»iB) 3 T? £ *t $ ti S3 JE ffl U - if % <D R M it 
L Alt, hQ X m ft VH \s > X 2 7 CD %kit U > X 3 1 CSAItLT Z»±?:±^t|RlfroTl 
L , S»)ei5*j4 607^ — ^+4 7*3311.^^, ^^)D^7^7- 5 7 (Ci 

l©^^^D^-^S7-5 7 t± !3SW?nfca(tfflU--!f3t©Slit3t L 4 
n-757-56, 7-i , ;l/^5 8%)ll^3l3S-rSo C£>7-r;t/*5 8ti, jfeftlctSC 
Tft*aa£4*-£^ M ^ J3 U — -*f ft ©.E I* ft L 4^ail^-t±§- 

73, iDlSftt 1 ©813^11 1 7TS|.iLftllDIffll/-f7tL 1 , L2©£*fft3:jE 

as -t & * 7^;v* 5 8^a^L fc mu -^mv — f^ofiS^L 4 a, y > k y * ^ u ^ x 20 
fluyXtfr5Sii«)t^^5 9fci?)**snT, 7* h^r-f*— k*4*#l 

T 4 § 4 # fij fit B ft ffl SS ? 6 HiCilt?n5. 
[ 0 0 5 6 ] 

LO§7ti?T'$5 4#*iJ{fig&fcHJS^F6 1 ±K:»ft£nfc$iJ£ffl^-^ft©£:a-fftL 4 
© * ft ft £ — > » , iDlfflM*UyX2 7©I)^b>X3 lfcJ:S«!lSJBU — 1fftL3 
( -T ft , & ,£ ) 1 OSffi3tC»LT)f©fiiKfe5^C iot 

myt»'** — > t commic-i^z mm? a „ 

[ 0 0 5 7 ] 

m 1 7 1 ^ -T £ ? £ * $1 ^ u - if ft l 3 © * 5t j& p 3 a* *n x # m % 1 ©»B3±tc{uB 30 
? zm&ica, mi&m\s-*TJt(o&.MitL 4 a . «sfflu--«fftL3i:i^*<o«i»*ii!io 

TijQXfflT4^UVX2 7cO*ftUx^X3 1 * ffi *T L . l)g)tf I 5 9 ^ II LT 4 
■ 81 Hi*? 6 1 ±£lP3®i)fe«/<?-y F*)g^t5 0 
[ 0 0 5 8 ] 

S , Bl SiCitiH, U^fflP-fT'cL 3©»7tjSP 3 tftal^tf » 1 (DSffi3(D 

ft haJLttmya l © rtgp) fc ffifi -r £ « fc « . fflfcm Is-*? yt © E&ft L 4 

l± , iSIb-f^L 3 tttSSOtetL^A^iraifflWftl/yXE 7©l)tl/yX3 l 

£ 2? fr b , If 5 9 ^IILT 4»»JfiilKtb«? 6 l±K«fi©»ra©*ft«/< 

[ 0 0 5 9 ] 40 

$ fc N Bl 9fcit±3l:, — ifftL3©jfcftj£P3tfinXj#ftttll©atBD3<D 

M ffl U - if ft © E U ft L 4 « , PJSfflb--ifftL3^tiMft 
.•3*ft*n**<61inXfflW»U>X2 7©*ftU>X3 1 ^J^ff L, H ft M 5 9 % a 
iLT4»*JfiI«lili5?6 l±K«fiO«R©*««^#-yFS®)Sf 5. 
[ 0 0 6 0 ] 

&±©«fc 3 fc, 4^*iJfiES^fcti«^F6 l±JC4Stf3$J£ffll^-^ft©ES-fftL4©illft® 
'^->F(i, aO£JlU-ifftL3©lfcftj£P3©{&llteJ&CT£ ft -*-*«, ^ © fc . 4 
^Ufii^iHIf 6 1 4>50a7jfflt (Iff73 IRIT-^I^-T 5Sftffi*> P. OtB^J «|73 IrIT- w 
iRlTi.gftSfr^ttJ^i:©^) tlo'^T, talSft* 1 OSffi 3 fcJit 5M£ffl U- 
f )t L 3©l7t.SP 3©fii^^i6 5i: i:tftt5o 50 
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[ 0 0 6 1 ] 

* c r . ssM»?S5oii, hi 5titiH> mmmta'mwmm 6 2 rzst ? * a. 

i-*l»Sf6 3%SLTt^5, ttBttttiftJVIslB6 2fc):, 4#»H&«tfettijR : ?6 1fr& 
CWAftKH^T, iO X J* «3 1 Oil3i:Jft5SSffll/-f)tL 3 © * ft & P 3 
Offi«^r?H»-ri> 0 f IT, 7*?-iX— *Sfil»aS6 3-fcfc, ffi«^tti^WlHlES6 2tc<tt» 
*»6nte*3tjSP 3©tiit8-3v^T, SB i OU-f^L 1 <D A ft j& P 1 SU'^2Cb 
- if ft L 2 (O $k ft j£ P 2©glStfl)Dl^fi l ©Il3*5,-Si:45ian:U-1fiiol 

4>1*»C7'*?-:i:i:-*2 8*7-1' — K/W**JWL, tDI«J*»U>X2 7CS1^Z« 
[ 0 0 6 2 ] 10 

D 7J * 7 2*1*2 3fi(CtLTl>5. 
[ 0 0 6 3 ] 

t4bS, I*ffl*l7 1 T? §£ -£ £ ti. fc SI f? 13 RlSi ft . )!77^^fr5S57^h5?^ 
K7 3fcJ:t>g{*2 3rtK:**»*l. *! S t> 7 4 , H □ tt >> 7 6 » jf-f *P4" ? >S5- 
7 7S*iaiaift», 3$ 0 95 # 4 6 Z.taJLmtttol'-y X 2 2 i: M fc E 

»ftUVX2 6%aaLTlBl»ft1j| 1 KjB»*n4. lPlfflU-1f)tL 1 , L2 20 

» ItfflU-f^L 3Rtff OSIf)tL-4{±^^^ D-f-^5 7-7 8 * ig }® 3 □ 
[ 0 0 6 4 ] 

? lt, Apxwfe^i©^ffi3T-s*t$nfcm^ffloriiftos:i>fft«. iSfflSfti/vx' 

2 6rtCSA»tTZ»±*±^t(Rl^oTlff ?Oa-f7^7-7 8 <fc 9 E 
7-7 7fc«fc5S6tS»StiT, 77 ^ ;l/ £ 7 9 , 881/^X8 1, U 1/-1/>X8 2* 

n ^ a js l , c cdtj^-57 2 a -r £ c t & a 0 

[ 0 0 6 5 ] 

COCCDA^ 7 7 2 tCit3}S^?nfc»^7 i -^l±^*»J®lgP8 3 t^^Sn, CCD 

£ ft $<J 9? 8 Sti-^TTV*-? 8 4 in X *f ii 1% 1 OSB3f Oit^RLtHJn* 30 

;l//<2 4 0@ti, t«i/t7# 3 80WB, C C D * * 5 7 2 fc: «fc « SS © AS * U — +f 
1AISI2 0 <D £ <DW} ft * fflffl ? & t> <D T* & & o 
[ 0 0 6 6 ] 

* tC , ±2LfeU-tfiDlgl2 O (CiSlz-fiOlSttlCO^T, H2 0*#BSLTR 
B£ -T 3 <, ccfli, ImiStii ©Sl3fre.S?D i©fiHi:$i©l/-f3tL i ol 
ft * P 1 * -& to •£ fc BU gI2©U — IfftL 2 © ft ft £ P 2«gE3**&iS;*D 2 (>D 1 
) <DtiL mic&v t, O ^5Kfi-3Tai3*»5»SD 1 OffllfcSSD 
2©{u«i:t^n^nHSfK^i^7a, 7 b *® filet 5 t © J: t 4 o 

[ 0 0 6 7 ] 40 

$f, 7f- 5^2 l±KiQl»ftft 1 *«1L S iQl#fc«|lfc43W-S3feJl9Si*7a. 7 

b © M P & ffi M £ & Ift ft P l , P 2tf-Stl.J:7H:xf-->*2 l * & » £ 3 0 • c 
©xf-->*2 1 © ft & M , irai»»fti©»£*»JSiff¥, Ifl/VX3 1 <OHP»« 

[ 0 0 6 8 ] 

il^T, §l/-f^iS2 2 a, 2 2 b A> 64niffi U- If ft L 1 , L 2 * Hilit 5 tftt , 
8'J £ ffl P - +F ft 83 5 1 ^P.«SlU-if7tL 3*ltiML, ft ft U V X 3 liciOIitSft 
fciOXffll^ — IfftL 1 , L 2&t>*$ISfflU-1fftL 3*9i?S7'fy5l*7ttyT 
5ia(CXf-'>*2 l^XM^fRl^YijiATJlRHCigib-f&o COtl, £ fiKj 3^ S 5 0 tc 
ioT, SS«fflU--lfft©S*tftL4««ttm«n, Sl©l/-f*L 1 ©ftft,£ P 1 ©?S 50 
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